Results
The mean total cholesterol (p=0.086), very low density lipoprotein-cholesterol (p=0.069) and triglycerides (p=0.086) of all patients did not change significantly between the two study periods, but when the patients were separated by type of hematopoietic stem cell transplantation, triglycerides and very low density lipoprotein-cholesterol were close to the critical level of significance for individuals with allogeneic hematopoietic stem cell transplantation (p=0.060) and total cholesterol was significant in individuals with autologous hematopoietic stem cell transplantation (p=0.027). Anthropometric variables did not change significantly between before and 100 days after hematopoietic stem cell transplantation.
Conclusion
Metabolic syndrome risk factors may be associated with lipid metabolism in the early phase of allogeneic and autologous hematopoietic stem cell transplantation.
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R E S U M O

Objetivo
Este estudo avaliou as manifestações precoces de fatores determinantes da síndrome metabólica em pacientes com transplante de células-tronco hematopoéticas.
Métodos
Vinte e sete indivíduos participaram do estudo (20 autólogos e 7 alogênicos). Variáveis antropométricas e indicadores bioquímicos do metabolismo glicídico e lipídico foram determinados antes e após 100 dias do transplante.
Resultados
I N T R O D U C T I O N
Hematopoietic Stem Cell Transplantation (HSCT), regardless of the origin of the Hematopoietic Stem Cells (HSC), results in a series of early or late metabolic complications. One of these complications, the Metabolic Syndrome (MS), has been a somewhat common finding in individuals with HSCT, especially allogeneic HSCT [1] [2] [3] . Metabolic syndrome is characterized by high blood pressure, changes in glucose and lipid metabolism, and abdominal obesity [4] [5] [6] [7] [8] [9] [10] [11] [12] . The causes include factors that change glucose and lipid metabolism, such as diet and medication. These metabolic changes can be directly or indirectly influenced by diet. It is known that the nutritional requirements of these patients are higher than normal because of the intense catabolism that occurs before HSCT 13 . The cholesterol and triglyceride levels of HSCT patients usually increase in the long run 14 . Current data indicate that there is a high prevalence of MS risk factors in patients with HSCT 3, 14 , but little is known about the changes in body composition and manifestations of these factors after HSCT. Hence, the objective of the present study was to assess early manifestations of MS risk factors and body composition in the first 100 days following HSCT.
M E T H O D S
This longitudinal study used a nonprobabilistic sampling design. We used a convenience sample, where all patients evaluated in the study period were enrolled.
Twenty-seven patients aged 44±14 years were studied from June 2009 to March 2010, 20 with autologous HSCT and seven with allogeneic HSCT. Most (60%) autologous HSCT patients had multiple myeloma. The most common diagnosis (43%) in allogeneic HSCT patients was acute myeloid leukemia. Other diagnoses included non-Hodgkin's lymphoma, severe aplastic anemia, Hodgkin's lymphoma and myelodysplastic syndrome. Patients with hypothyroidism, Cushing's syndrome, chronic kidney failure, Human Immunodeficiency Virus (HIV) infection, alcoholism (>40g of alcohol/day), and genetic syndromes associated with obesity were excluded. The patients were recruited at the Cancer Hospital of Barretos, São Paulo, Brazil. The Hospital's Research Ethics Committee approved the study (Protocol number 288/10).
Anthropometric indicators of nutritional status (waist, calf and hip circumferences, and biceps, triceps, subscapular and suprailiac skinfold thicknesses) and biochemical markers of lipid and glucose metabolism were determined before and 100 days after HSCT. Female patients were asked if they were on hormone replacement therapy, and the use of drugs to control blood glucose, pressure and lipids, and immunosuppressive drugs was monitored during the study.
The biochemical variables before and 100 days after HSCT were compared by the Student's t test for paired samples. The determinants of MS in the study cases were investigated by the Fisher's exact test for the variables of interest. The significance level was set at 5% (pb0.05) for all tests. All the analyses were made by the BioEstat software for Windows, version 3.0.
R E S U L T S
Before hematopoietic stem cell transplantation, 85% of the women and 42% of the men were overweight or obese, while only one allogeneic HSCT patient was malnourished.
The most common risk factors associated with MS before HSCT were high blood pressure, found in 4 men and 2 women, and dyslipidemia, found in 1 man and 3 women. Table 1 shows the changes in MS determinants in autologous and allogeneic HSCT patients. Only high blood pressure was found to be significantly lower in autologous HSCT patients 100 days after the transplantation (p=0.047).
The mean TC (p=0.086), VLDL-C (p=0.069), and TG (p=0.086) of all patients did not change significantly between the two study periods. But when the patients were separated by type of HSCT, TC differed significantly in autologous patients (n=20, p=0.027) ( Table 2 ). Anthropometric variables did not vary significantly between before and 100 days after HSCT. Only one woman of the seven allogeneic HSCT patients developed Graft-Versus-Host Disease (GVHD), but she was successfully treated with corticosteroids. It manifested as acute GVHD of the intestine and lasted only a few days, allowing her to remain in the study. All allogeneic patients were taking the immunosuppressive drug ciclosporin during the study period.
D I S C U S S I O N
Since there is a higher prevalence of MS risk factors in HSCT patients, the present study tried to detect early changes in these risk factors by measuring anthropometric indicators of nutritional status. Although the sample size does not allow generalization of the results and their inconclusiveness also prevents the confirmation of some associations, the data suggest that early MS manifestations do occur in both autologous and allogeneic HSCT patients.
Advances in hematopoietic stem cell transplantation techniques and the support and care provided to these patients increased survival significantly. Yet, exposure to chemotherapy before the procedure, the procedure itself, long periods of immunosuppression, and high risk of recurrence have many complications, MS being one of them 15, 16 .
Despite the small sample size, variation in TC, VLDL-C, and TG levels between the two study periods was very close to the significance level of 5%. This is a relevant finding that should be further investigated since changes in the lipoprotein profile occasionally occur early.
An interesting observation was that the TC of autologous patients varied significantly over time. These patients require milder post-HSCT treatment but they are still vulnerable to MS risk factors. Meanwhile, although the number of allogeneic patients (n=7) was small, the increase in their TG and VLDL-C levels over time was almost significant (p=0.060).
But metabolic syndrome manifestations did not occur within 100 days of follow-up and we do not know whether they would occur during a longer follow-up.
The cholesterol and triglyceride levels of HSCT patients usually increase in the long run. However, the present study found that changes in the lipid profile may be detectable as early as 100 days after the procedure in allogeneic HSCT patients.
The negative impact of corticosteroids on the lipid profile is well established; however, only one of the seven allogeneic HSCT patients took corticosteroids until day 100 after the procedure. Most allogeneic HSCT patients needed only ciclosporin for immune suppression.
Elevated total cholesterol may be due to other mechanisms, such as the effect of drugs on the synthesis or removal of LDL-C or the treatment given before autologous HSCT. It may also be due to higher consumption of cholesterol and fats after HSCT, as this study found that the diet of these patients after the procedure became more atherogenic with cholesterol intake exceeding 200 mg/day (314±168 mg 100 days after the procedure -dietary data were not shown in this study).
This study shows that autologous HSCT patients also need to be concerned with vulnerability to metabolic changes. And some of the changes may be attributed to dietary behavior changes, not only to metabolic changes.
Anthropometric variables and fasting glucose and insulin remained unchanged after 100 days. The results of the present study show that extra energy and macronutrient intakes are capable of preventing weight loss.
Hematopoietic stem cell transplantation patients need individualized nutritional care before and after the procedure. Before HSCT, patients undergo treatments that often debilitate their immune system. During this period, involuntary weight loss may be a reflection of an unwanted process of acute malnutrition. After the procedure, priority is given to the sanitation aspect of the diet, much more than its nutritional quality 13, 17 .
Metabolic syndrome pathogenesis is complex and its precise mechanisms are not well known. What is known is that diet can either promote or prevent MS. The prevalence of lifestyle-associated diseases, such as obesity, hyperlipidemia, atherosclerosis, secondary diabetes mellitus, and high blood pressure in industrialized countries is increasing 18 . In the specific case of transplanted patients, anti-rejection drugs add to the insult.
C O N C L U S I O N
In the 100 days that followed HSCT, the nutritional status of the study population remained stable. However, we conclude that in 100 days there are changes in factors associated with lipid metabolism, but they do not contribute to the onset of MS because MS does not depend only on lipid metabolism.
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